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Emotion recognition from faces following childhood brain 
injury: an eye tracking study. 
Few studies have explored emotion processing abilities in children following Acquired Brain 
Injury (ABI).  This study develops previous research in this area by exploring emotion processing 
skills in children with focal ABI, using eye tracking technology.  It was hypothesised that 
children with focal ABI would demonstrate impaired emotion recognition abilities relative to a 
control group and that, similar to adult eye tracking studies, they would show an atypical pattern 
of eye moments when viewing faces. Sixteen participants with focal ABI (10-16 years) and 27 
healthy controls (10-16 years) completed one novel and one adapted visual emotion processing 
task, presented using a T120 Tobii eye-tracker.  The eye-tracker measured eye-movement 
fixations in three areas of interest (AOIs; eyes, nose, mouth), as participants viewed the stimuli.  
Emotion perception accuracy was recorded.  All participants from the ABI group also completed 
neuropsychological assessment of their immediate visual memory, visual attention, visuospatial 
abilities, and everyday executive function.   
The results of the study showed no significant difference in accuracy between the ABI 
and control groups.  However, on average children with ABI appeared slightly less accurate than 
the control group in both emotion recognition tasks.  Within-subjects analysis revealed no effect 
of lesion location and laterality or age at lesion onset upon emotion recognition accuracy.   Eye 
tracking analysis showed that children within the ABI group presented with an atypical pattern of 
eye movements relative to the control group, demonstrating significantly greater fixation times 
within the eye region, when viewing disgusted, fearful angry and happy faces.  The ABI group 
also showed reduced mean percentage fixation duration within the nose and mouth regions, 
relative to controls.  Furthermore, it was observed that the ABI group took longer on average to 
give an accurate response to sad, disgusted, happy and surprised faces and this difference reached 
statistical significance for the accurate recognition of happy and surprised faces.  It is suggested 
that the atypical fixation patterns noted within the ABI group, may represent a difficulty with 
dividing visual attention rapidly across the whole of the face.  This slowing may have an impact 
upon functioning in everyday social situations, where rapid processing and appraisal of emotion 
is thought to be particularly important.  It is therefore suggested that eye tracking technology may 
be a valuable method for the identification of subtle difficulties in facial emotion processing, 
following focal ABI in childhood, and may also have an application in the rehabilitation of these 
difficulties in future.   
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Keywords: Acquired Brain Injury (ABI); facial emotion processing; childhood stroke; plasticity; 
brain development; eye tracking. 
 
Abbreviations: ABI = Acquired Brain Injury; AIS = Arterial Ischaemic Stroke; IPS = Ischaemic 
Perinatal Stroke; HS = Haemorrhagic stroke; LH = Left hemisphere; RH = Right hemisphere; CT = 
Computed Tomography; MRI = Magnetic Resonance Imaging; WISC-IV = Wechsler Intelligence 
Scale for Children-Fourth Edition; VIQ = Verbal Intelligence Quotient; PIQ = Performance 
Intelligence Quotient; NEPSY-II= A Developmental neuropsychological Assessment-Second Edition; 
SDQ = Strengths and difficulties questionnaire. 
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Introduction 
In the UK, Acquired Brain Injury (ABI)
1
 is estimated to be relatively prevalent in children, 
with approximately 2.5% of the child population sustaining a head injury leading to Accident 
and Emergency attendance (Middleton, 2001).  Poor social functioning and impaired quality 
of life have been identified as long term difficulties for children, following ABI (Snodgrass & 
Knott, 2006).  It is suggested that many post-injury difficulties observed in children, 
including disruptive behaviour, poor empathy and lack of moral reasoning, may be associated 
with specific deficits in reading and responding to emotions (Tonks et al., 2008).   
Studies have demonstrated that, if untreated, such emotion processing difficulties can 
endure into adulthood, and have been associated with increased likelihood of developing a 
mental health condition (Timonen et al., 2002) and increased risk of engagement in criminal 
behaviour (Leon-Carrion & Ramos, 2003).  Despite the well documented risk and enduring 
nature of emotion processing difficulties following ABI (e.g. Babbage et al., 2011), the 
mechanisms underpinning these difficulties remain relatively unexplored, hindering the 
development of sensitive, accurate and effective methods of paediatric assessment and 
clinical interventions (Snodgrass & Knott, 2006). 
Due to the biological and social significance of facial emotions, it is important for 
facial emotion recognition to occur rapidly (Wronka et al., 2011)  and a preference for faces 
and specifically for the eye region has been found from birth (e.g. Farroni et al., 2006).  
Emotional information is thought to be conveyed by facial expression, expression in the eyes 
and vocal prosody (Tonks et al., 2008).  Eye tracking studies have shown that when looking 
at a face, people spend most time looking at internal features (eyes, nose, mouth), and the eye 
region is the most focussed upon of these, due to the extensive emotional cues that  may be 
extracted (Itlier et al., 2009).   
There is a growing body of research with adults following ABI, focussed on 
understanding the complex neural processes that enable the processing, recognition and 
                                                 
1
 Throughout this review paper ABI is used to refer to a brain injury sustained after birth, resulting from either: 
force applied to the head (traumatic brain injury), anoxic/hypoxic injury, intracranial surgery, vascular 
disruption, arterio-venous malformation, infectious diseases, intracranial neoplasm, metabolic disorders, seizure 
disorders or toxic exposure (Centre for Neuro Skills, 2010) 
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interpretation of facial expressions (Knox & Douglas, 2009).  Lesion and imaging studies 
have consistently provided strong evidence of right hemisphere involvement in processing 
facial expressions, with structures, including the occipitotemporal, ventromedial prefrontal 
and orbitofrontal cortices, limbic system (particularly the amygdala and basal ganglia) 
implicated (Adolphs, Damasio, Tranel, Cooper & Damasio, 2000; Heutink et al., 2011; 
Tsuchida & Fellows, 2012; Adolphs, 2002; Hornack, Rolls & Wade, 1996).  Recently, there 
has also been recognition of the role of the left hemisphere in emotion processing, with some 
researchers proposing a „valance hypothesis‟, suggesting the right hemisphere is implicated in 
the processing of negative emotions (e.g. fear and anger) and both the left and right 
hemispheres process positive emotions (e.g. happiness; Adolphs, Jansari & Tranel, 2001; 
Allerdings & Alfano, 2006).  However, other studies have noted that emotion processing is 
equally impaired in adults with ABI relative to controls, whether the injury is lateralised to 
the left- or the right hemisphere (Cheung et al., 2006). 
A number of studies have highlighted the importance of the amygdala in directing 
visual attention to the eye region (Spezio et al., 2007) and in recognising facial expressions, 
especially fear.  Adults with bilateral amygdala damage, sustained early in life, have been 
found to show increasingly impaired emotion recognition, with specific impairment in 
recognising and judging the intensity of fear and anger, when compared to those with 
unilateral amygdala damage (Adolphs et al., 1999).  An eye tracking study conducted with 
SM, an adult patient with focal congenital bilateral amygdala damage, showed a 
dysfunctional pattern of eye movements, when viewing faces, with a lack of spontaneous 
fixations on the eye-region (Adolphs et al., 2005).  She showed a selective impairment in the 
recognition of fear, for which the eye region is most important for identification.  This 
impairment could be temporarily corrected, by instructing SM to attend to the eye region, 
although this was only successful for as long as this instruction remained explicit.  This 
finding may suggest that the amygdala has a role in directing one‟s gaze to seek out socially 
salient information.  This appears consistent with recent claims that the amygdala may act as 
a zone of convergence for the relay of cognitive resources to other regions of the brain in 
response to emotional stimuli (e.g. Pessoa & Adolphs, 2010)
2
.   
                                                 
2
 Current research is beginning to transfer this finding to „real world‟ social scenarios, finding that patients with 
amygdala lesions are impaired at making eye contact with people in social situations.  In addition to ABI, these 
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In comparison to the adult literature, relatively few studies have investigated facial 
emotion recognition abilities in children with an ABI.  However, those that have been 
conducted appear consistent with the adult literature.  For example, Tonks et al., (2007a) 
found that children aged 9-17 years old, with varied lesion aetiologies and locations, 
demonstrated impairment in reading emotions from static pictures of faces (the Ekman faces 
set; Ekman & Friesen, 1976), when compared to age-matched peers. In addition, Snodgrass 
& Knott (2006) found that children, aged 6-12 years with diffuse damage to temporal frontal 
lobe regions, showed impaired emotion recognition and theory of mind, when completing the 
“Reading the Mind in the Eyes Test” (Baron-Cohen et al., 1997). 
Adult and child studies have implicated several interacting brain areas in interpreting 
emotions from faces.  In examining similarities between these populations however, it is 
important to remain mindful of claims that identical pathology can have very different 
consequences in children and adults (Anderson et al., 2009).  “Plasticity” theorists suggest 
that in childhood the brain has a greater capacity for recovery, through neural regrowth or 
reorganization, than the adult brain, which is more rigidly specialised (Giza & Prins, 2006).  
However, there is some evidence that reorganisation is not always successful and may result 
in either inappropriate neural connections, leading to dysfunctional behavioural recovery or a 
“crowding effect”, where functions relocate to the remaining healthy brain areas, leading to 
general depression of all abilities (Anderson, et al., 2009). 
In a child population, it is particularly important to consider the effects of an ABI 
within the context of brain development.  It is argued that childhood ABI may have a 
differential impact during “sensitive periods” of brain development, when development is 
thought to be dynamic and made in response to environmental stimulation.  Emotion 
recognition skills are reported to develop during sensitive periods throughout early childhood 
and adolescence, with specific periods of brain growth, coinciding with significant 
improvements in reading emotional information.  The development of emotion processing 
abilities have been proposed to occur at three levels (Tonks et al., 2008): (i) a fast “intrinsic” 
emotional response; (ii) sophisticated sensory analysis, using sensory information to 
                                                                                                                                                        
findings are contributing to understanding dysfunctional patterns of visual scanning in neurodevelopmental 
conditions, including autism (Adolphs, Sears & Piven, 2001; Adolphs, Spezio & Parlier, 2008) and 22q11.2 
deletion syndrome (Campbell et al., 2010), where people present with similar socio-emotion processing 
difficulties. 
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Fig. 1. The development of emotion recognition/processing abilities across three levels 
throughout childhood and adolescence (adapted from Tonks et al., 2008) 
moderate or confirm the intrinsic response; (iii) executive system synthesis, using contextual 
knowledge (e.g. reading the emotional state and empathising with others) to consciously 
regulate one‟s own emotional response (see Fig 1).  Each stage of development is thought to 
build on the former in a dynamic fashion (i.e. the development of these skills occurs within 
the context of social interactions with others and environmental stimulation). 
 
 
 
In support of this model, healthy children have been found to show a significant 
improvement in ability to read emotion at times associated with brain growth spurts (e.g. 
children show improvement in the ability to read expression from the eyes aged 11 years, 
Tonks et al., 2007b).  This model suggests that the child‟s age at insult may have an impact 
on the nature of emotion recognition impairment, based on the amount of the normal 
development of socio-emotional abilities, impeded by their injury (Tonks et al., 2007b). 
A review of the existing literature on emotion processing from faces suggested that a 
comprehensive approach – utilising information from structural imaging, neuropsychological 
assessment and eye tracking technology – would help to explore the complex mechanisms 
underlying emotional processing from faces in children and how they may be affected after 
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ABI.  Recruitment of children with focal unilateral lesions allowed investigation of the 
effects of injury lateralisation upon visual emotion processing abilities. Given that in a child 
population, it is particularly important to consider the effects of ABI within the context of 
brain development, information about the age at the time of insult and time since insult were 
important to explore.  This information also allowed exploration of the capacity of the 
developing brain for reorganization of visual emotion processing abilities. 
 
Aims, Research Questions & Hypotheses: 
This study aimed to explore the emotional processing and recognition skills of children, aged 
10-16 years following ABI.  Specifically, the study explored the pattern of eye movements 
presented by children with ABI, when viewing a range of basic facial expressions and 
compared them with those from a control group of „healthy‟ children.  
  
Four research questions are proposed: 
1. Are there differences between children aged 10-16years with ABI and a group of age-
matched control participants in terms of:- 
 Facial emotion recognition accuracy? 
 ability to read emotional information from the eyes alone? 
 
2. Does emotion recognition accuracy differ with: 
 Unilateral lesion laterality (left or right sided) 
 Lesion location (anterior or posterior) 
 Age at lesion onset (i.e. before 10 years or after 10 years of age) 
 
3. Does the pattern of eye movements differ between children with ABI and healthy 
controls when viewing pictures of faces? 
 
4. Are other cognitive factors (specifically visual attention, visual memory, executive 
function) associated with of visual emotion recognition abilities? 
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Method 
 
Participants 
Two different samples of participants were recruited for this study.  The first sample 
consisted of 16 children aged 10-16 years (10 male, 6 female; mean age = 12.5 years, SD) 
=1.75) with unilateral ABI
3
.  Six participants were recruited from a national cohort of 
children compiled by the Study of the Outcome of Childhood Stroke research group (SOCS, 
2007)
4
 and 10 were recruited from the department of Paediatric Neuropsychology at a local 
hospital.  11 of the young people had focal lesions resulting from childhood strokes, 3 from 
resection of a brain tumour 1 from evacuation of a subdural empyema and 1 from a focal 
epileptic lesion.  Within the group there was a mean of 5 years since the lesion onset and the 
mean age at lesion onset was 7 years. Informed consent was obtained from both parents and 
children before participation in the study
5
.  Magnetic Resonance Imaging (MRI) data was 
obtained for each child to localise the brain injury.  The child‟s age at the time of the ABI and 
time-lapse since the ABI was also recorded.  This information is presented in Table 1. 
The second group was comprised of 27 “typically developing” children (10 male, 17 
female), recruited from a state comprehensive school.  This group was matched as closely as 
possible with the ABI group for age and therefore only young people aged between 10-16 
years were recruited (M=13.4, SD=1.7).  Classes targeted for recruitment consisted of 
children of mixed ability.  Children who had no known neurological history, significant 
learning disability and who had adequate receptive and expressive language skills were 
approached
6
.  Informed consent was obtained from both parents and children before 
participation in the study
7
.  Demographic information for this sample is shown in the 
extended methodology. 
                                                 
3
 Please see Extended Methodology for details of power calculation 
4
 Please see Extended Methodology for all letters of invitation/consent to contact/information sheets 
5
 Please see the extended methodology for more detail on the recruitment procedure for these participants 
6
 Please see Extended Methodology for Letter of invitation/information sheet (school) 
7
 Please see Extended Methodology for Consent/assent forms 
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Table 1   ABI participants: demographic characteristics and lesion information 
Subject 
(Gender) 
Ethnicity Age Hand 
Preference 
Lesion 
aetiology 
Age at 
lesion onset 
Time since 
onset 
Lesion 
laterality 
Lesion 
location 
1(M) White British 14 yrs, 7 mths (175m) L AIS 0 yrs 14 yrs L T 
2(M) White British 15 yrs, 10 mths (190m) R AIS 10 yrs 5 yrs R F 
3(M) White British 15 yrs, 2 mths (182m) R HS 11 yrs 4 yrs R F 
4(F) White British 10 yrs, 1 mth (121m) R AIS 4 yrs 6 yrs R V (S) 
5(M) White British 13 yrs, 10 mths (166m) R HS 10 yrs 4 yrs L F.T 
6(M) White British 10 yrs, 11 mths (131m) R AIS 7 yrs 3 yrs L C/B(S) 
7(F) White British 11 yrs, 11 mths (143m) R HS 7 yrs 3 yrs - (S) M (S) 
8 (M) White British 13 yrs, 8 mths (164m) R HS 10 yrs 3 yrs R O 
9 (M) White British 12 yrs, 9 mths (153m) R AIS 8 yrs 4 yrs L O 
10 (F) White British 10 yrs, 9 mths (129m) R HS 7 yrs 3 yrs R F 
11 (M) White British 10 yrs, 8 mths (128m) L SI 10 yrs 0 yrs L F 
12 (F) White British 11 yrs, 10 mths (142m) R EL 7 yrs 5 yrs R T. 
13 (F) White British 11 yrs, 6 mths (138m) R TR 7 yrs 4 yrs R F 
14 (M) White British 10 yrs, 11 mths (131m) R HS 3 yrs 8 yrs - (S) C/B(S) 
15 (F) White British 13 yrs, 2 mths (158m) L TR 8 yrs 5 yrs L T 
16 (M) White British 11 yrs, 10 mths (142m) R TR 1 yr 10 yrs - (S) V (S) 
Total: 
10(M); 6(F) 
16 (White 
British) 
Mean: 12 years 6m  
(150 m; SD=20.96m) 
3(L) 
13(R) 
6(HS); 
5(AIS); 
3(TR); 
1(EL) 
Mean: 7years Mean:5 years 6(L); 7(R); 
3(S) 
5(F);  
3(T);  
1(FT);  
2 (O); 2(C/B/S); 
2(V/S) 
 F=female; M=male; L= left; R=Right; AIS = Arterial Ischaemic Stroke; HS = Haemorrhagic stroke; SI = subdural infarct; EL= epileptic lesion; TR = 
tumour resection; F = frontal; T= temporal; V=ventricular system; C/B=cerebellum and brainstem; M=midbrain; (S) = subcortical regions. 
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Exclusion Criteria 
No exclusion criteria regarding social or ethnic background were applied to either group in 
recruitment for this study.  However, children with oculomotor difficulties (e.g. nystagmus), 
poor visual acuity, or significant learning or behavioural difficulties or specific difficulties 
with recognition of faces (i.e. prosopagnosia) were not included in either sample.  In addition, 
children with any known history of neurological conditions that may have affected the brain 
were not included in the healthy control sample.  Children that met these inclusion criteria 
were identified, based on advice from school teaching staff for the control group and by the 
Consultant Paediatric Neurologist and researchers coordinating the SOCS study and the 
Consultant Paediatric Neuropsychologist for the ABI group.  
 
Background Information  
For each child, demographic details about gender, age and ethnicity was obtained.  A brief 
neurological history was obtained from the child‟s medical notes for the ABI group, which 
included the date and location of the ABI, and time-lapse since injury.  With consent, 
previous MRI imaging report information was also obtained for all children within this 
sample.   
 
Neuropsychological profile 
Recent neuropsychological assessment scores from assessment of general intellectual abilities 
using the Wechsler Intelligence Scale for Children (WISC-IV, Wechsler, 2004)
8
 were 
available for 11 participants within the ABI group and were obtained with participant and 
parental consent.  The mean general verbal and visual reasoning abilities fell within the 
average range (with scores ranging between the borderline and average range for VCI and 
borderline and high average for PRI). These scores are presented in Table 2. 
 
 
 
 
 
                                                 
8
 Please see Extended Methodology for reliability and validity data. 
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Table 2.  The profile of general cognitive abilities from previous assessment available within the 
ABI group, using the WISC-IV (n=11). 
Cognitive Index 
General cognitive abilities 
Mean index score 
(range) 
Mean Percentile (range) 
 
Verbal Comprehension Index (VCI) 
 
Perceptual Reasoning Index (PRI) 
 
93 (75-110) 
 
99 (75-131) 
 
32 (5-75) 
 
47 (5-98) 
 
Materials 
Both experimental groups completed two experimental tasks, designed to assess the 
processing of emotions from faces:  
 
NimStim faces 
To assess emotion processing from faces, a novel eye-tracking task was created using 60 
colour photographs, taken from the NimStim
9
 set of facial expressions (Tottenham et al., 
2009).  The NimStim dataset has been developed for use with both adult and child groups 
(e.g. Rump et al., 2009) and has been shown to have good validity and retest-reliability 
(Tottenham et al., 2009).  The photographs depicted each of ten professional actors (5 male, 5 
female) posing six facial expressions: happy, sad, angry, afraid, surprised and disgusted.  All 
images were standardised to 1024 by 768 pixels using Adobe Photoshop Elements 7.  Each 
image was displayed using Tobii Studio
 TM
 software and presented on a Tobii X120 monitor, 
with an embedded eye-tracking camera.  
 
Mind in the Eyes  
In addition the child ‘mind in the eyes’ task (Baron-Cohen et al., 2001) was administered.  
This consists of 28 images of people‟s eyes.  Each picture is surrounded by four words and 
                                                 
9
 The dataset of 672 images, is freely accessible via: http://macbrain.org/resources.htm 
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the child is asked to describe how they think the person is thinking and feeling based on 
looking at their eyes.  This task was initially devised to assess for potential signs of autism in 
children, through assessing their ability to read emotion from eyes.  Information on reliability 
and validity is not yet available for this measure.  However, one study has shown a significant 
difference in performance between a group of 46 children with Asperger Syndrome and a 
“healthy” control group (Baron-Cohen et al., 2001).  Importantly in the context of the current 
study, this measure has also been used to demonstrate a significant difference between 
children with ABI and a “non-injured” control group, when the effects of executive function 
abilities were controlled for
10
 (Tonks et al, 2007b).  This would suggest it to be a reliable 
method for further exploration of emotion recognition within the current study. 
 
Neuropsychological measures 
In addition to the measures above, children from the ABI group were asked to complete some 
cognitive and emotional assessment measures
11
; 
The Clocks, Immediate memory for faces and Arrows subtests from the NEPSY-II 
(Korkman et al., 2001) were administered to assess aspects of executive function, visual 
memory and visuospatial skills.  These subtests were selected from this assessment battery 
due to evidence of high levels of reliability and validity (with internal consistency ranging 
between 0.64 and 0.87 and construct validity between 0.02 and 0.40 for the subtests used
12
).  
Normative data is available for single subtests, supporting the flexible use of subtest selection 
from specific domains of interest in this way (Korkman et al., 2001).  Evidence of convergent 
and discriminant validity is provided by correlation studies with the WISC-IV (Wechsler, 
2004) and the NEPSY-II (Korkman et al., 2001).   
The WISC-IV (Wechsler, 2004) Cancellation subtest was administered to assess 
visual attention and processing speed abilities.  This subtest has good reliability within the 
age groups of 10-16 years (with internal consistency correlations ranging from 0.84 to 0.75 
                                                 
10
 In this study, correlational analysis was conducted to control for the effect of Executive Function abilities 
11
 Please see extended methodology for details of subtests administered. 
12
 Korkman et al (2001) note that subtests within the same domain (e.g. attention and executive functioning) 
measure widely different abilities within that domain.  Therefore high correlations between subtests are not 
expected, even when classified within the same domain.  The most relevant data for construct validity are 
therefore correlational data obtained from concurrent validity studies with other measures of functioning (e.g. 
visual and perceptual subtests from the WISC-IV, which show correlations between 0.16 and 0.40).   
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and test-retest stability correlations between 0.76 and 0.86).  Construct validity ranges 
between 0.32 and 0.40 for correlations with other subtests within the processing speed 
domain. 
The Strengths and Difficulties Questionnaire (SDQ; Goodman, 1999), was completed 
by parents and young people from the ABI group.  This is a psychometrically reliable clinical 
screening measure, found to be effective in detecting the likelihood of clinical diagnosis in 
children (Goodman, Renfrew & Mullick, 2000).  Strong cross-informant correlations have 
been demonstrated in administration with children and parents (Goodman, Meltzer & Bailey, 
1998).  The measure assesses strengths and difficulties for the child in each of seven domains 
(overall stress experienced by the child, hyperactivity, peer-relationship problems, emotional 
distress, conduct problems, pro-social behaviour and the impact of difficulties) 
Assessment showed that on average participants fell within average limits for their 
age.  However, there was some variation within the group, with scores ranging from at or 
below the 2
nd
 percentile (within the low range) and up to 99
th
 percentile for assessment of 
immediate memory for faces, visuospatial processing, visual planning and visual attention 
(see Table 3).  The high and low scores were spread across the sample and were not 
associated with single individuals. 
 
Table 3.   Participants Neuropsychological profile (n=16). 
Cognitive Subtest Mean index score (range) Mean Percentile (range) 
Visual Attention 
WISC-IV - Cancellation 
 
9.88 (2-17) 
 
50 (0.4-99) 
 
Planning and visuospatial skills 
Nepsy-II – Clocks 
 
 
 
9.94 (2-17) 
 
 
50 (0.4-99) 
 
Visuospatial processing 
Nepsy-II – Arrows 
 
 
8.38 (1-13) 
 
25 (0.1-84) 
Immediate memory for Faces 
Nepsy-II – Memory for faces 
 
8.75 (4-17) 
 
25 (2-99) 
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Data from parental and young person SDQ questionnaires within the ABI group, showed model 
scores within the low risk range for emotional, behavioural and attention/concentration 
concerns13.   
  
 
Procedure 
Approval for the proposed research was granted by the local committee of the National 
Health Service (NHS) National Research Ethics Service, the local Research and Development 
team and also from the Psychology Ethics Committee at the University of Exeter.
14
 
 
Assessment 
Participants were asked to sit in front of the monitor to view six practise pictures, which were 
simultaneously accompanied by a choice bar, containing the six emotion words, presented in 
a randomised order (i.e. happy, sad, angry, afraid, surprised and disgusted).  The choice bar 
was then removed to ensure that only eye movements related to processing of the face were 
recorded.  Each participant in both groups was presented 60 stimuli (10 depicting each of 6 
emotions), and asked to say how they thought each person was feeling.  If unsure, the child 
was prompted to choose from one of the six expression labels that appeared in the practise 
items.  The child was prompted to respond as quickly as they could.  The accuracy of each 
response was recorded by the researcher on a record sheet (please see extended 
methodology).  At the time a response was given, the researcher pressed a key and a fixation 
cross was displayed on the screen for a 3 second duration, prior to presentation of the next 
face (see Figure 2).   A brief calibration sequence was completed by all participants prior to 
both eye tracking tasks to enhance the validity and replicability of the eye movement data 
recorded. 
                                                 
13
 Please see extended methodology for more detail of SDQ questionnaire scores. 
14
 Please see extended Methodology for approval letters. 
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Fig. 2 (left) an example of the visual stimuli presented in the Nimstim emotion 
perception task.  Participants were shown colour photographs of 10 actors, showing 
each of the 6 basic emotions (happy, sad, angry, afraid, surprised and disgusted).  
Participants were required to verbally label each emotion before the next stimulus 
was presented.  Each picture was followed by a 3 second central fixation cross (right) 
to ensure that the first point of fixation was always the same.   
 
Children from the control group were tested individually at school.  All measures 
were typically completed within ~20 minutes.   
All children within the ABI group were tested individually at their homes.  As 
detailed above, additional measures were administered to these children to assess for 
individual differences across a range of cognitive domains, specifically visual attention, 
visual memory, executive function and visuospatial skills.  Young people and their parents 
also completed a brief questionnaire measure to assess for behavioural and emotional 
difficulties.   The assessment process for the ABI group was typically completed within ~60 
minutes.    
 
Eye movement Recording  
Participant gaze behaviour was recorded using a portable Tobii X150 eye tracker, a monitor-
embedded device that was used to present all emotion processing stimuli, whilst tracking the 
participants‟ eye movements as they viewed the stimuli presented on the screen using a small 
camera (Fig 3).  The device is able to track eye movements to an accuracy of 0.5°, sampled at 
50 Hz, and requires no head or body constraint.  The eye tracker was calibrated for each 
participant using a 9-point calibration of each eye.   
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Fig 3.  The monitor-embedded Tobii X150 used in the present study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Analysis 
 
Eye tracking Analysis 
Areas of interest (AOIs) were pre-defined for each of the 60 stimuli presented, using Tobii 
Studio software (see Fig. 4).  Saccades (fast eye movements) and fixations (periods where 
gaze in involuntarily maintained at a single point) were identified for each participant using 
Tobii Studio software.  Given that most visual processing is thought to occur during a 
fixation (with little visual processing occurring during saccades), fixation data was used in 
the analysis.  Specifically, the number and total duration of fixations in each of three AOIs, 
namely the eyes (left and right), the nose and the mouth, were analysed for each participant 
across each of the stimuli in the NimStims task. 
All data were examined for Quantitative analyses were conducted using SPSS 
(version 19.0).  To assess the research questions 1 and 2 emotion recognition accuracy was 
compared between experimental groups and subgroups within the ABI group (independent 
samples t-test).  To explore research question 3, analyses were conducted using a 2 (group) x 
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Fig 4.  All stimuli were assigned pre-defined AOIs within the eyes, nose and mouth regions of 
the face for subsequent analysis of fixations in each AOI. 
6 (emotion) repeated measures ANOVA for each region of interest (eyes, nose and mouth).  
Research question 4 was assessed using correlation analyses
15
. 
 
 
  
 
 
                                                 
15
 Please see Extended Methodology for all Power analyses. 
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Results 
 
Research Question 1:  
Mean percentage accuracy data were compared for the two emotion processing tasks to 
explore research question 1: Are there differences between children aged 10-16years with 
ABI and a group of age-matched control participants in terms of:- 
 Facial emotion recognition accuracy?(i.e. accuracy in the NimStim task) 
 ability to read emotional information from the eyes alone? (i.e. accuracy in the 
Mind in the eyes task)
 16
 
Comparison of the mean percentage accuracy of each group for the two tasks showed that the 
ABI group performed less accurately than the “healthy” control group for both the NimStims 
emotion recognition task and the child Mind in the eyes task (see Fig 5). However this 
difference was not found to reach statistical significance for either the mean performance in 
the NimStim Faces task, t(16.6)=-.695, p=0.50, or for the Mind in the Eyes task, t(38)=-.629, 
p=0.53.  Further analysis of group differences in the Mind in the Eyes test was conducted, by 
adding percentage accuracy data to the existing control group for 67 children aged 9-15 years 
old, with no neurological history, taken from a previous study conducted by Tonks et al., 
(2007).  However, no significant difference was found between the ABI (n=15) and larger 
control groups (n=93); t(105)=-1.405, p=0.16. 
 
                                                 
16
 For analysis of normal distribution, please see extended results in Appendix. 
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Fig.5  Mean percentage of emotion recognition accuracy for the ABI and control group 
for both emotion recognition tasks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 presents information on emotion recognition accuracy between groups for each of 
the six basic facial expressions.  The control group were on average more accurate than the 
ABI group for the recognition of happy, sad, surprised and disgusted faces.  However these 
differences did not reach statistical significance.   
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Fig.6  Mean percentage of emotion recognition accuracy across emotions for the ABI and 
control groups. 
 
 
 
The average mean score for the ABI group was higher than the control group for the accurate 
recognition of angry and fearful faces (see Table 4)
17
. 
 
 
 
 
 
 
                                                 
17
 Further analysis of this data is shown in the extended results section. 
Table 4.  Summary of mean percentage accuracy for each expression 
between groups 
 SOCS Control T-test 
Emotion M SD M SD t-value Sig. 
Happy 95.0 17.51 99.62 2.04 1.04 .31(ns) 
Sad 61.88 31.67 82.91 19.87 .117 .91 (ns) 
Surprised 80.63 22.94 88.85 7.51 1.51 .15(ns) 
Angry 80.63 20.81 80 10.60 -.292 .77(ns) 
Afraid 46.88 21.20 41.92 21.46 -.70 .49 (ns) 
Disgusted 68.75 28.25 80.0 17.69 1.42 .17 (ns) 
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Research Question 2 
The mean percentage accuracy for the two emotion processing tasks was compared within the 
ABI group to explore the second research question: Does emotion recognition accuracy differ 
with: 
 Unilateral lesion laterality (left or right sided) 
 Lesion location (anterior or posterior) 
 Age at lesion onset (i.e. before 10 years or after 10 years of age) 
 
Within group assessment was conducted to explore whether children were less accurate if 
they had a left sided (n=6) or right sided (n=7) unilateral lesion.  However mean accuracy 
was observed to be very similar between groups and no significant difference was found. 
NimStim accuracy, t(11)=-0.30, p=0.77.  Mind in the eyes accuracy, t(10)= -0.17, p=0.80.
  
The ABI group was also subdivided to explore when children with frontal and 
temporal lesions (n=10) were equally accurate as those with posterior and midbrain lesions 
(n=6).  Although on average children with frontal and temporal lesions were observed to be 
more accurate than those with posterior and midbrain lesions, no significant difference was 
found between these subgroups (see Fig. 7).  NimStim accuracy, t(14)=0.98, p=0.35.  Mind 
in the eyes accuracy, t(13)= 1. 67, p=0.12.  
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Fig. 7  Mean percentage of emotion recognition accuracy with lesion location for the NimStim task 
(left) and the Mind in the eyes task (right). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Finally, the mean percentage accuracy for the two emotion processing tasks was compared 
within the ABI group to assess whether children were less accurate, if their lesion was 
sustained between 0-4 years ago (n=9) or 5-14 years ago (n=7).  Overall, children who 
sustained lesions more recently were observed to be more accurate on both the NimStim and 
Mind in the eyes tasks (see Fig. 8).  However, this difference in subgroup accuracy did not 
reach statistical significance for either task.  NimStim recognition accuracy, t(14)=1.08, 
p=0.30; Mind in the eyes recognition accuracy, t(13)=0.39, p=0.70.  In addition, children 
who were younger than 10 years old at the time of lesion onset (n=11) were less accurate on 
average than those who sustained a lesion aged 10 or older (n=5) on both emotion processing 
tasks (see Fig. 8).  However this difference did not reach statistical significance, NimStim 
recognition accuracy, t(14)=-0.94, p=0.36; Mind in the eyes recognition accuracy, t(13)=-
1.04,  p=0.32..   
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Fig.8  Mean percentage of emotion recognition accuracy for the ABI and control group 
for both emotion recognition tasks 
B.     Percentage accuracy on Mind in the eyes task 
 
 
 
 
 
 
 
  
 
 
 
 
  
A.     Percentage accuracy on NimStim task 
Emotion processing after childhood ABI  | Brain (2012) in prep, 1-18 
 
24 
 
Research Question 3 
The third research question was: Does the pattern of eye movements differ between children 
with ABI and healthy controls when viewing pictures of faces? 
 
To explore this question, an initial 2 (Group: ABI, Control) x 3 (Area of Interest: eyes, nose, 
mouth) x 6 (Emotion: Happy, sad, surprised, angry, afraid, disgusted) repeated measures 
ANOVA was conducted, using the total fixation time in seconds
18
.  This analysis revealed a 
significant main effect for emotion, F(5, 195)=9.66, p<0.001,ηρ2=0.06 (with a medium effect 
size) .  Although, there was no main effect found for Group, F(1,39)=0.48, p=0.49,ηρ2=0.00  
or AOI, F(2, 78)=2.86, p=0.63, ηρ2=0.013.   
Significant interactions were found for emotion and AOI, F(10,390)=3.64, 
p<0.001,ηρ2=0.86 (large effect size) and for emotion and group, F(5, 195)=2.59, p=0.027, 
ηρ2=0.068 (medium effect size) and AOI and group, F(2, 78)=2.99, p=0.056, ηρ2=0.068 
(medium effect size). 
  Simple main effect analysis showed that the ABI group looked significantly longer at 
the eye region for angry faces than the control group (p=0.052). The ABI group also spent 
significantly longer looking at the eye region for disgusted (p=0.031), fearful (p=0.038) and 
happy faces (p=0.009).  Comparison of the mean percentage time for each AOI across 
emotions for the ABI and control groups showed that the ABI group looked on average for 
significantly longer at the eyes region, t(39)=-2.17, p=0.042 and spent significantly less time 
fixating on the nose region for sad faces, t(39)=2.98, p=0.005. In addition, the ABI group 
spent, on average, significantly longer looking at the eye region for angry (t(39)=-3.13, 
p=0.006)  and fearful faces (t(39)=-2.72, p=0.014).  The ABI group appeared to spend 
significantly less time reading information from the nose region for angry, fearful and 
disgusted faces than the control group, although these differences did not reach statistical 
significance (p>0.05; see Table 5). 
 
 
 
                                                 
18
For analysis of the normal distribution of the data, please see extended results in Appendix. 
Emotion processing after childhood ABI  | Brain (2012) in prep, 1-18 
 
25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Examples of the differences observed in fixation patterns are shown in Figs. 9 and 10. 
Table 5. Summary of the test of simple effects analysis for total fixation 
time (seconds) 
 ABI Control Simple effects 
analysis 
a
 
Emotion Region of 
interest 
M SE M SE Sig. 
Happy Eyes** 
Nose 
Mouth 
 
3.38 
4.14 
3.00 
 
0.57 
0.63 
0.55 
1.35 
2.78 
2.72 
0.46 
0.51 
0.44 
P=0.009 
P=0.10(ns) 
P=0.70(ns) 
Sad Eyes 
Nose 
Mouth 
 
4.74 
4.90 
3.49 
 
0.91 
1.28 
1.14 
3.36 
5.76 
4.83 
0.73 
1.03 
0.91 
P=0.24(ns) 
P=0.60(ns) 
P=0.36(ns) 
 
Surprised Eyes 
Nose 
Mouth 
4.93 
5.16 
5.30 
0.89 
0.84 
0.80 
2.82 
5.03 
4.43 
0.71 
0.67 
0.64 
 
P=0.074(ns) 
P=0.90(ns) 
P=0.40(ns) 
Angry Eyes* 
Nose 
Mouth 
4.35 
3.63 
3.00 
 
0.77 
0.94 
0.85 
 
2.67 
5.53 
4.39 
 
0.62 
0.75 
0.68 
 
P=0.05 
P=0.12(ns) 
P=0.21(ns) 
 
Afraid Eyes* 
Nose 
Mouth 
 
5.71 
5.58 
3.98 
 
0.99 
1.16 
0.88 
 
2.98 
5.92 
4.14 
 
0.79 
0.93 
0.70 
 
P=0.038 
P=0.82(ns) 
P=0.89(ns) 
 
Disgusted Eyes* 
Nose 
Mouth 
4.34 
4.82 
5.68 
0.78 
0.98 
0.84 
2.10 
4.72 
5.04 
0.63 
0.78 
0.67 
P=0.03 
P=0.94(ns) 
P=0.56(ns) 
a
. Adjustments made to p values for multiple comparisons. 
* The mean difference is significant at the 0.05 level 
** The mean difference is significant at the 0.01 level 
 
Emotion processing after childhood ABI  | Brain (2012) in prep, 1-18 
 
26 
 
Example Fixation Pattern for Happy – ABI participant 13 
 
Example Fixation Pattern for Happy – control participant 
 
Figure 9. Examples of the location of fixations for a participant in the ABI and control group for a happy 
face.  Each dot represents one individual fixation and larger dots represent longer fixation duration.  
Fixations are numbered in order, starting at one for the first fixation point.  
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Example Fixation Pattern for Disgust – ABI participant 11 
 
Example Fixation Pattern for Disgust – control participant 
 Figure 10. Examples of the location of fixations for a participant in the ABI and control groups  
for a disgusted face.  Each dot represents one individual fixation and larger dots represent longer  
fixation duration.  Fixations are numbered in order, starting at one for the first fixation point.  
Emotion processing after childhood ABI  | Brain (2012) in prep, 1-18 
 
28 
 
Separate 2 (group) x 6 (emotion) repeated measures ANOVAS were conducted to 
explore the total mean percentage time spent looking within each AOI
19
.  This showed a 
significant main effect of emotion for the total percentage fixation time within the eye region 
of interest, F(5, 185)=2.731, p=0.036.  There was also a significant between-subjects 
interaction between emotion and group for total percentage eye region data, F(33, 185) = 
2.47, p=0.052.  Percentage fixation time data for the nose region showed no significant main 
effect of emotion, F(33, 185) = 1.46, p<0.05.  However a significant interaction was noted 
between emotion and group F(33, 185) = 3.25, p=0.017.  Analysis of the percentage fixation 
time data for the mouth region showed a significant main effect of emotion, F(33, 185) = 
4.87, p=0.002.  However the interaction between emotion and group was not significant, 
F(33, 185)=1.03, p=0.42. The mean percentage fixation duration for each AOI across each of 
the 6 facial expressions in the NimStim task by the ABI and control groups is shown in Fig 
11.   
Simple effect analysis showed that the ABI group spent a greater proportion of total 
fixation time within the eye region for angry (p<0.001), fearful (p=0.003) and sad faces 
(p=0.015), when compared to the control group.  Proportionally, the ABI group spent 
significantly less percentage time looking at the nose region for angry, disgusted and sad 
faces (p<0.05) and less percentage time looking at the mouth region for angry and fearful 
faces (p<0.05).  Mean percentage fixation time was not found to differ between groups for 
happy or surprised faces, for the eyes and mouth region for disgusted faces and for the mouth 
region for sad faces (p>0.05; see Table 6). 
                                                 
19
 For analysis of normal distribution, please see extended results in Appendix. 
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Fig.11  Mean percentage of emotion recognition accuracy for the ABI and control group for both 
emotion recognition tasks 
Emotion processing after childhood ABI  | Brain (2012) in prep, 1-18 
 
30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Research Question 4: 
To assess research question 4 (are other cognitive factors, specifically visual attention, visual 
memory, executive function, associated with of visual emotion recognition abilities?) 
correlational analyses were conducted. 
Correlation analysis revealed no significant relationship between participants‟ 
performance during assessment of visual attention, visuospatial and executive function 
abilities using subtests from the NEPSY-II, and emotion recognition accuracy.  However, a 
Table 6. Summary of simple effects analysis for total percentage fixation 
time 
 ABI Control Simple effects 
analysis 
a
 
Emotion Region of 
interest 
M SE M SE Sig. 
Happy Eyes 
Nose 
Mouth 
 
22.11 
27.12 
24.22 
3.79 
3.44 
5.13 
17.52 
27.90 
30.77 
2.99 
2.72 
4.06 
P=0.35(ns) 
P=0.86(ns) 
P=0.34(ns) 
Sad Eyes* 
Nose** 
Mouth 
 
37.27 
19.62 
20.19 
5.43 
3.62 
3.73 
19.55 
34.76 
26.95 
4.30 
2.86 
2.95 
P=0.015 
P=0.002 
P=0.16(ns) 
Surprised Eyes 
Nose 
Mouth 
 
22.42 
26.26 
26.57 
3.37 
3.46 
3.64 
20.01 
29.97 
30.47 
2.67 
2.74 
2.88 
P=0.58(ns) 
P=0.41(ns) 
P=0.41(ns) 
Angry Eyes** 
Nose** 
Mouth** 
47.91 
17.51 
14.91 
 
6.60 
3.47 
3.60 
 
15.18 
35.50 
28.62 
 
5.22 
2.75 
3.01 
 
P<0.001 
P<0.001 
P=0.007 
 
Afraid Eyes** 
Nose* 
Mouth* 
 
40.83 
24.33 
17.26 
5.33 
3.42 
3.91 
19.17 
34.49 
27.42 
4.21 
2.70 
3.09 
P=0.003 
P=0.025 
P=0.049 
Disgusted Eyes 
Nose* 
Mouth 
19.69 
22.05 
36.91 
 
2.86 
2.96 
4.87 
14.41 
30.53 
36.11 
2.26 
2.34 
3.85 
P=0.17(ns) 
P=0.030 
P=0.90(ns) 
a
. Adjustments made to p values for multiple comparisons. 
* The mean difference is significant at the 0.05 level 
** The mean difference is significant at the 0.01 level 
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positive trend was found between performance on the immediate memory for faces task and 
percentage accuracy on the NimStim emotion recognition task, suggesting an association 
between participant performance in these tasks (r=.40,  p=0.064).  
 
Post-hoc analysis 
 
Analysis of time to accurate responses 
In post-hoc analysis, it was of particular interest to look at the length of time it took 
participants to reach a correct response for each emotion.  On average it took the ABI longer 
to give a correct response for several emotions (see Fig. 12).  Analysis of the difference 
between the total fixation time to reach a correct response between the ABI and control 
groups was conducted using independent samples t-tests for each emotion.  Accurate 
responses were deemed to be those equal to or exceeding the mean correct response value for 
each expression from the NimStim validation study conducted by Tottenham et al. (2009)
20
.  
A greater number of control participants were found to meet this threshold for each emotion.  
Significant group differences were noted between the mean total fixation time for accurate 
recognition of surprised faces, t(37)=-2.33, p=0.026,  and happy faces, t(37)=-2.12, p=0.043,  
with the ABI group taking significantly longer to identify these emotions than the control 
group.  Differences in total fixation time did not reach significance for accurate responses to 
sad, angry, disgusted
21
 or fearful faces. 
                                                 
20
 Mean percentage accuracy values for each emotion are shown in the extended results. 
21
 Given the variance in group sizes for those that met the accuracy threshold for recognition of disgust, equal 
variances were not assumed and therefore the observed difference in time was not found to reach statistical 
significance. 
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Figure 12. Mean percentage fixation time for each emotion for the ABI and control groups. 
 
 
 
 
Analysis of the total number of fixations 
The fixation cross between faces was located in the middle of the screen at the level of the 
nose region.  Given that the control group appeared to spend a greater percentage of time 
fixated within the nose region for sad, angry, fearful and disgusted faces, it was hypothesised 
that they were able to make an accurate decision about emotion by fixating centrally on the 
face, requiring fewer eye movements within eye region to extract the necessary information. 
To explore this, a 2 (group) x 3 (AOI) x 6 (emotion) ANOVA was therefore 
calculated to explore the mean number of total fixations within each AOI.  Main effects were 
observed for emotion; F(5, 190)=, p<0.001 and AOI, F(2,76 )=, p=0.016 but not for group; 
F(1, 38) = 0.40, p=0.53..   There was however, a significant interaction between AOI x 
group; F (2, 76) =37.0, p=0.030.  This indicates that the control group did make more use of 
the nose region as a central point of fixation and made a fewer number of fixations within 
other regions (see Fig. 13). 
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Figure 13. Mean number of fixations within AOIs for the control and ABI groups 
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Discussion 
 
Accuracy data 
This is the first study to use eye tracking technology to explore the emotion processing 
abilities of children aged 10-16 years following focal ABI.  The first aim of the study was to 
evaluate facial emotion recognition accuracy in a group of children with ABI, relative to a 
control group of children aged 10-16years, using two emotion recognition tasks.  Differences 
in accuracy between the two groups in these tasks were not found to reach statistical 
significance.  Although the mean emotion recognition accuracy for the ABI group was 
observed to be lower in both emotion tasks, when compared to the control group.  
Planned subgroup analysis revealed that children who sustained frontal and temporal 
lesions were statistically not significantly different in their accuracy, when compared to those 
with posterior or midbrain lesions.  However, although not significant, mean scores showed 
that on average young people who had sustained frontal and temporal lesions tended to be 
more accurate than those with posterior and midbrain lesions.  In addition, no significant 
difference was observed in accuracy between children with left-sided or right-sided unilateral 
lesions.  There was also no significant difference in accuracy observed between young people 
who had sustained an ABI prior to the age of 10 years and those that had sustained their 
injury aged 10 years or older.      However, average scores indicated that those who sustained 
an ABI before the age of 10 years old tended to be slightly less accurate than those who 
sustained a lesion aged 10 years or older on both emotion processing tasks.  Consistent with 
this finding, children who sustained an ABI 5 or more years ago were found on average to be 
less accurate than those who had sustained an injury within the last four years.   
 
Eye tracking data 
The second aim of the study was to investigate whether the pattern of eye movements 
differed for children from the ABI group, when compared to the control group.  On average 
children from the ABI group were observed to view facial emotions differently to the control 
group. Specifically, the ABI group were found to spend significantly more time looking at the 
eye region across all emotions and this difference reached statistical significance for 
disgusted, fearful, angry and happy faces.  When examining the percentage of total time spent 
within each AOI, the ABI group were found to spend a significantly greater proportion of 
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total time when viewing the face, looking at the eye region for sad, angry and fearful faces 
than the control group.  The percentage of total fixation time and total number of fixations 
within the nose region was found to be significantly lower for the ABI group than the control 
group, when viewing sad, angry, fearful and disgusted faces and the ABI group also spent 
significantly less time looking at the mouth region for angry and fearful faces.   
Exploring these findings further, fewer members of the ABI group were found to 
equal or exceed the mean accuracy value for each emotion taken from the NimStim reliability 
data (Tottenham et al., 2009).  Comparison of participants from the ABI and control group, 
who did score at or above this threshold accuracy value, showed these participants took 
longer on average than the control group to give an accurate response to sad, disgusted, 
happy and surprised faces.  This difference reached statistical significance for happy and 
surprised faces.  This finding is of particular interest, as it would suggest that fewer 
participants from the ABI group were consistently accurate in their recognition across all 
stimuli, and those that were, appeared slowed relative to the control group in their responses.  
Taken together, the eye tracking results suggest a different pattern of visual exploration of 
faces within the ABI group, which may be associated with the slower accurate responses 
observed.  These findings may suggest that children from the ABI group showed greater 
difficulty with dividing attentional resources between salient regions, when scanning and 
cognitively appraising the faces.   
 
Correlation analysis 
Correlation analysis revealed no relationship between visual attention, Visuo-spatial skills 
and visual planning and executive function, and emotion recognition accuracy on the 
NimStim task.  However, a positive trend was noted between the score on the NimStim 
emotion recognition task and the immediate memory for faces task, taken from the Nepsy-II.  
Given the likely degree of overlap between the processing demands of both of these tasks, 
which both involve viewing pictures of faces this trend is perhaps unsurprising. 
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Summary & interpretation 
Although, in the current study a tendency was noted towards poorer emotion recognition 
accuracy in the ABI group, these differences were not statistically significant.  Therefore, the 
results of this study have failed to replicate findings of significantly reduced performance in 
children with ABI relative to a control group, as observed by Tonks et al (2007a) and 
Snodgrass & Knott (2006).  It is possible that this may reflect differing characteristics of the 
ABI group in the current study, which was comprised of children with focal lesions rather 
than the more diffuse injuries explored by these previous studies.  Given the focal nature of 
these lesions within the current ABI group, there was perhaps greater potential within this 
sample for emotion processing skills to have been relatively preserved or more easily 
recovered, through neural regrowth or successful reorganisation of emotion processing (e.g. 
Anderson et al., 2009), leading to no significant impairment in recognition accuracy.   
Longitudinal research involving lesion mapping techniques would be helpful to explore 
potential differences in emotion processing abilities for children with focal or diffuse lesions, 
assessing how these may change during the process of recovery after ABI and the impact of 
any difficulties upon social relationships and functioning. 
Children who sustained their ABI aged 10 years or older were not found to differ 
significantly in recognition accuracy to those who sustained an ABI prior to the age of 10 
years.  Although, examination of the mean accuracy scores does suggest that on average 
young people who sustained an ABI aged 10 years or older were more accurate than those 
who sustained their injury before the age of 10 years.  It is possible this may reflect low 
statistical power to detect an effect, given the small group sizes for this within-ABI group 
comparison.  However, the trend that is observed does appear consistent with theories of 
suggested improvement in emotion recognition in children between the ages of 8-10 years at 
“sensitive period”, associated with a brain growth spurt (Kolb et al., 1992; Baron-Cohen et 
al., 2001).  These findings suggest that ABI sustained after the age of 10 years may have a 
reduced impact on emotion recognition accuracy after this sensitive period of development.  
Further exploration of this difference with an increased ABI sample size may be warranted in 
future research. 
Previous eye tracking studies have not been conducted with children with focal ABI.  
However, the current study confirms findings of an atypical pattern of eye movements 
observed in adults with ABI relative to a control group (e.g. Adolphs et al., 2005; Gosselin et 
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al., 2011).  In the present study, children in the ABI group were found to spend significantly 
longer looking at the eye region for fearful, angry, disgusted and happy faces, and less time 
looking at other salient regions of the faces.  These findings are different the atypical pattern 
of fixations observed by Adolphs et al., (2005), who found that SM spent significantly less 
time fixating on the eye region for all faces, leading to a specific impairment in recognition of 
fearful faces.  It is possible that the current finding may reflect a difficulty with dividing 
attention in the ABI group (i.e. it appears that members of the ABI were drawn to the eye 
region for significantly longer and unlike the control group, did not spend as long obtaining 
confirmatory evidence from other salient regions of the face, resulting in a lower percentage 
fixation time in the nose region for sad, angry, fearful and disgusted faces).   Of the 
participants, who scored above the mean accuracy threshold for each emotion, fewer were 
found to be from the ABI group and these participants were found to look at the face for 
longer before providing an accurate response.  Overall the ABI group was found to be 
significantly slower than the control group in accurate recognition of surprised and happy 
faces.  Given that rapid and accurate emotion processing is required in everyday social 
interaction and is associated with good social functioning (Bornhofen et al., 2008), this 
finding appears important to explore further in future research.  Replication of this study with 
a larger sample of children with focal ABI, could confirm whether this is a consistent finding.   
 
Implications 
The findings of this study have a number of implications for those working with children, 
following focal ABI.  Firstly, although these children may not present with significant 
deficits in emotion processing accuracy from static pictures of faces, it appears that their 
accurate responses are slowed relative to a control group.  It is possible that this slowed 
processing of emotion may have a greater impact upon emotion perception from faces in 
everyday social interactions, where faces are dynamic and rapid recognition and appraisal are 
essential.   The present study has shown that an eye tracking paradigm is useful in assessing 
how children process emotions from faces and how rapidly this occurs.  From a clinical 
perspective this could be a useful tool for identifying more subtle deficits in rapid emotion 
processing, which may otherwise go undetected.  Once specific difficulties are identified, this 
technology could be used with individuals to support retraining of impaired skills in reading 
different emotions (i.e. children could practise more holistic processing, distributing visual 
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attention more effectively between the eyes, nose and mouth regions), obtaining all available 
emotional cues from the face, which may in turn lead to more accurate and rapid recognition.  
To extend the utility of this work, it will be important to see whether the findings of the 
current study are replicated, when using dynamic eye-tracking stimuli.  For example, it would 
be of interest to extend this paradigm to use video stimuli or the 3D virtual reality paradigms 
that are currently being employed to explore emotion perception in children with Autistic 
Spectrum Disorders (e.g. Miranda, 2008). 
 
Strengths and limitations of the research  
The current research aimed to produce an experimental paradigm to extend our knowledge of 
the effects of focal ABI upon facial emotion recognition, by replicating a paradigm employed 
in the adult literature.  The study has attempted to explore the impact of important variables, 
which have often been overlooked in research with child ABI populations (e.g. age at lesion 
onset, lesion aetiology, lesion location).  It has also explored the impact of potentially 
confounding difficulties, such as visual attention, visual memory and visuospatial perception.  
In future research it would be helpful to also include a eye movement control task, to assess 
whether the difference in fixations represent a specific disruption to the oculomotor schema 
required for face processing, or represent an atypical pattern of eye movements which also 
occur when viewing other kinds of visual stimuli.   
Limitations of this study result from the small size of samples used and from sampling 
biases, which may affect the generalisability of the findings more widely for children with 
ABI.  The control group was slightly older than the ABI group and the two groups were not 
closely matched for age, gender and ethnicity, which could lead to increased risk of making a 
Type II error.    Finally, the NimStim facial stimuli have been psychometrically evaluated to 
be valid and reliable for use with neurologically healthy adults and children.  However they 
have not previously been used with children with ABI and therefore further research could 
replicate the study to ensure the sensitivity of the stimuli and the reliability and validity of the 
current findings.   
  
Future research & practice 
In future research it would be beneficial to continue to investigate the speed and accuracy of 
emotion perception in children following focal ABI using eye tracking technology.  The use 
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of dynamic video or virtual reality scenes, depicting facial emotions may increase the 
ecological validity and generalisability of findings to everyday social interactions.    Using 
closer age, gender and ethnicity matching, via recruitment of a sibling control group may help 
to reduce sampling biases.  A cross-sectional design was used in this study.  However, a 
longitudinal design, utilising lesion mapping techniques, would allow more detailed 
exploration of the impact of age at lesion onset, lesion location and the time since the lesion 
was sustained, within the context of ongoing neuropsychological and brain development 
throughout childhood and adolescence.    
In conclusion, the new knowledge generated through these findings contributes to a 
greater understanding of the way that children process emotions from faces following focal 
ABI.  Observations of an atypical pattern of eye movements may reflect a greater difficulty 
with dividing attention to view the face holistically and, although not impacting on eventual 
accuracy may be associated with slowed time to process and appraise the emotion.  This is 
significant, as slowed emotion processing abilities are thought to be related to difficulties 
with social interactions, leading to poor social functioning.  Given the prevalence of 
difficulties in social functioning, following childhood ABI, this may warrant further 
investigation.  Findings from the present study would suggest that using eye tracking 
technology it may be possible to detect more subtle emotion processing difficulties than those 
used in the few previous studies with children, following ABI.  There would appear to be 
merit in exploring further whether eye tracking technology can be a helpful way to routinely 
screen for difficulties in rapid and accurate emotion processing from faces.  Strategies for 
remediation of such difficulties, through re-training and practise exercises could also utilise 
this technology. 
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Appendices 
 
Appendix 1 - Extended Methodology 
 
Participants 
A priori power analysis: 
This section provides a priori power calculations to support the target group sizes for the 
study.  The effect sizes for these calculations were based on differences in emotion 
processing variables, namely emotion recognition accuracy (Tonks et al., 2007a) and 
proportion of fixations in salient regions of the face (Adolphs et al., 2005).  All power 
calculations were conducted using G*Power 3.1.  Full power analysis protocols are shown in 
Appendix 3. 
 
ABI vs. control group recognition accuracy (t-test power calculation) 
Based on results taken from Tonks et al. (2007a), assessing expression naming accuracy 
between ABI (mean = 70.6; SD= 12.4) and a control group (mean = 80.7; SD=9.9) a large 
effect size of 0.90 was calculated.  This effect size has informed the power calculation for the 
current study.  For 90% power with a large effect size (0.90) and alpha = 0.05, 22 participants 
were required in the ABI group and 22 in the control group to conduct an independent 
samples t-test. 
 
ANOVA power calculation 
A power calculation for a repeated measures analysis of variance to compare the mean dwell 
times during the eye tracking tasks within salient regions of the face for each of the 6 facial 
expressions (namely happy, surprised, scared, angry, disgusted and sad emotions), between 
the ABI and control groups.   
The effect size for this calculation was based on findings from Adolphs et al. (2005), 
who assessed the proportion of eye fixations when judging each of the 7 Ekman facial 
expressions for a single participant with ABI (proportion of fixations on the eye region of 
faces = 0.2) and 18 healthy control participants (proportion of fixations on the eye region of 
faces = 0.45, SD=0.18).  Using these results a large effect size of 0.73 was calculated  Given 
the greater ABI sample size a moderate effect size was used in calculating power for the 
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current study.  For 90% power with a moderate effect size (0.25) a total sample size of 44 
was needed to compare the proportion of fixations for 6 basic facial emotions (happy, sad, 
angry, scared, disgusted and surprised) between the ABI and control groups. 
 
Power Calculation - Correlation Analysis 
To control for the possibility that impaired recognition of facial expressions of emotion may 
be attributable to specific visual-perceptual or cognitive deficits, a multiple regression 
analysis was conducted, similar to that conducted by Adolphs et al. (1996).  Variables of 
specific interest were:  
 Visual and perceptual IQ scores and visual attention and processing (as measured by 2 
indices and 1 subtest from the WISC-IV; Wechsler, 2003);  
 measures of visual perceptual function, visual memory and executive function (as 
assessed using 3 subtests from NEPSY-II; Korkman et al., 2007); 
 and measures of emotional difficulties (as assessed using the SDQ; Goodman, 1997). 
For 80% power with a large effect size (0.35), alpha of 0.05 with 5 predictors a sample size 
of 25 was permissible using a compromise power calculation. 
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Procedure 
The study was conducted in collaboration with a community and patient group from the 
University of Exeter.  Consultation with this group was used to develop appropriate 
experimental stimuli, materials and information
22
. 
 
Recruitment  
ABI group 
Participants were initially recruited from a cohort of 160 children who had received treatment 
for a childhood stroke across hospitals in five different regions across the UK (see Fig. A1.)  
All potential participants from this cohort had consented to take part in research as part of the 
Study of the Outcome of Childhood Stroke (SOCS) research initiative, coordinated by a 
Consultant Paediatric Neurologist from the University of Bristol.  Letters of invitation were 
sent to 30 children aged 10-16 years who had experienced ABI resulting from Arterial 
Ischemic Strokes (AIS) or Haemorrhagic Strokes (HS) and who met the inclusion criteria for 
the current study (i.e. children with a focal acquired brain injury, who did not have significant 
learning, behavioural or visual difficulties that would preclude participation).  Six children 
were recruited from this group to take part in the study.  Existing brain MRI scans and 
demographic information was available for all six participants in this group and parental 
consent was obtained to access this data. 
 In addition ethical approval was granted to recruit a further group of children with 
focal ABI through the paediatric neuropsychology department at Frenchay Hospital.  
Children with focal lesions (resulting from either childhood stroke, epilepsy surgery or brain 
tumour resection) were identified from the service database by the Consultant Paediatric 
Neuropsychologist.  Thirty children from this group met the inclusion criteria for the study 
and were sent letters of invitation to participate.  This process yielded recruitment of 19 
children aged 10-16 years.  Existing brain MRI scans, cognitive assessment data and 
demographic information was available for all 19 participants in this group and parental 
consent was obtained to access this data.   
  
                                                 
22
 Please see Appendix 3 for community and patient group consultation feedback 
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Figure A1.  A map detailing the regional Hospitals involved within the recruitment of children 
aged 10-16 years within the ABI group.  In addition, a control group of 27 children from a 
Comprehensive School in Leicester was also recruited. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Letters of invitation were sent to the parents of potential participants from the 
Consultant Paediatric Neurologist for children from the SOCS group and the Consultant 
Paediatric Neuropsychologist from the Frenchay group.  These letters introduced the research 
team and outlined the study.  A „child-friendly‟ information sheet was enclosed with the letter 
to provide further information about the study.  If both the parent and child were interested in 
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finding out more information about the study, they were asked to complete the consent to 
contact form and return to the Principal Investigator in a stamped addressed envelope 
provided.  Examples of these documents are given in Appendix 5 below.   
 After receiving the consent to contact form, the families were contacted by the 
researcher to answer any questions and arrange a convenient time to meet with them either at 
home or at Frenchay Hospital.    
 
Control Group 
A control group of 27 children with no neurological history were recruited from a state 
Comprehensive School.  Young people were selected at random by the headteacher from 
classes within Year 7-10 within the school.  Only children who met the inclusion criteria for 
the study were invited to participate (i.e. the young person did not have any significant 
behavioural, learning, visual or language comprehension difficulties that would preclude their 
participation).  The headteacher met with all children selected to explain the study.  A letter 
of invitation was sent to the parents/guardians of each child, together with an information 
sheet providing more information about the study and a parental consent form.  Parents were 
asked to return the parental consent form to the school if they were happy for their child to 
take part. (see Appendix 4).  With consent from parents and the headteacher, the researcher 
met with all children at their school.  
 
Gaining consent 
All children within the ABI group were given the opportunity to ask any questions prior to 
taking part in the study.  Written consent was then gathered from the parent guardian of the 
young person and written assent was obtained by the young person prior to them taking part 
(see Appendix 4). 
Parents/Guardians of children approached by the headteacher to participate in the 
control group for the study were asked to read the information sheet and return a copy of the 
parental consent form to the Headteacher‟s secretary, if they were happy for their child to 
take part.  After parental consent was obtained the researcher met with the young person to 
answer any further questions and to obtain their assent if they were happy to take part. (please 
see Appendix 4 for all consent forms).  
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A table summarising the demographic characteristics of the control group is shown in Table 
A1. 
Table A1   Control participants: demographic characteristics. 
Subject (Gender) Ethnicity Age (age in months) 
1(F) British Asian 14 years, 4 months (172m) 
2(F) British Asian 14 years, 7 months (175m) 
3 (M) British Asian 13 years, 1 month (157m) 
4 (F) British Asian 13 years, 5 months (161m) 
5 (M) White British 12 years, 9 months (153m) 
6 (F) White British 12 years, 10 months (154m) 
7 (F) British Asian 13 years, 6 months (162m) 
8 (M) British Asian 13 years, 2 months (158m) 
9 (M) British Asian 13 years, 4 months (160m) 
10 (F) British Asian 14 years, 6 months (174m) 
11 (F) British Asian 14 years, 5 months (173m) 
12 (M) British Asian 14 years, 1 month (169m) 
13 (F) British Asian 12 years, 9 months (153m) 
14(M) White British 13 years, 6 months (162m) 
15 (M) British Asian 12 years, 8 months (152m) 
16 (F) British Asian 13 years, 9 months (165m) 
17 (F) British Asian 14 years, 6 months (174m) 
18(F) British Asian 14 years, 10 months (178m) 
19(M) British Asian 14 years, 2 months (170m) 
20(F) British Asian 13 years, 4 months (160m) 
21(F) British Asian 12 years, 8 months (152m) 
22(M) British Asian 13 years, 9 months (165m) 
23(M) British Asian 13 years, 7 months (163m) 
24(F) British Asian 14 years, 2 months (170m) 
25(F) White British 14 years, 2 months (170m) 
26 (F) White British 10 years, 3 months (123m) 
27 (F) White British 11 years, 8 months (140m) 
Total: 17(F); 10 
(M) 
Total: 21 British Asian;  
6 White British 
Mean: 13 years, 5 months (161.68 
m); SD (11.88 months) 
 
Ethical approval 
The South-West NHS Research Ethics Committee and The School of Psychology Ethics 
Committee at the University of Exeter granted ethical approval for the proposed research 
(please see approval documentation in Appendix 6.  All participant materials submitted were 
developed in consultation with a service-user group at the University of Exeter (see Appendix 
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4).  Approval was also sought from the local NHS Research and Development department 
(see approval document in Appendix 5). 
  
Materials 
Examples of task materials and record forms for the NimStim and Mind in the eyes tasks are 
shown below in Appendices 6, 7 & 8 
 
Neuropsychological assessment: 
Previous data from assessment of general intellectual abilities using the WISC-IV Wechsler, 
2004) was obtained for 11 participants within the ABI group.  The subtests of vocabulary, 
similarities were conducted to obtain a measure of general verbal reasoning and the picture 
concepts and matrix reasoning subtests were conducted to obtain a measure of visual 
perceptual reasoning.  The WISC-IV (Wechsler, 2004) has excellent reliability, with internal 
consistency correlations between 0.79 and 0.9 and re-test reliability of 0.8.  Construct validity 
is high, ranging between 0.47 and 0.82 for the subtests used. 
Details of the individual subtests from the Nepsy-II (Korkman et al., 2007) and 
WISC-IV (Wechsler, 2004) that were administered in the present study are described below: 
 
NEPSY-II Memory for faces 
This subtest is an assessment of immediate visual memory.  It assesses for encoding, 
discrimination and recognition of faces. The young person is asked to look at a series of faces 
and then, following a short delay, select the one face that they have seen from an array of 
three different stimuli.  
 
NEPSY-II Clocks 
This subtest is an assessment of planning and organisation (executive function skills) and also 
of visuoperceptual and visuospatial skills and the understanding of the concept of time.  The 
child is required to draw an image of an analogue clock and mark the hands to a specified 
time dictated by the examiner or by a picture of a digital clock.   A developmental curve is 
found in relation to ability in this subtest with increased age (e.g. Cohen et al., 2000).  Several 
studies have documented impaired performance in this task from adults with ABI (e.g. 
Freedman et al., 1997). 
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NEPSY-II Arrows 
This subtest assesses visuospatial abilities by asking the child to view a series of 8 lines of 
different angles and orientations and determine which two lines will reach a given target.  It 
is stated that in addition to visuospatial perception, this subtest may also measure visual 
attention (i.e. a child may perform poorly due to increased impulsivity). 
WISC-IV Cancellation  
This subtest was administered to assess visual selective attention, processing speed and visual 
neglect (e.g. Williams, Weiss & Rolfhus, 2003).  In this subtest the child is asked to scan a 
structured and unstructured array of pictures and mark as many target items as possible 
within a specified time limit. 
The parent and child form of the Strengths and Difficulties Questionnaire was also 
administered (SDQ; Goodman, 1999) and is described below: 
 
Socio-behavioural & Emotional Assessment 
The Strengths and Difficulties Questionnaire (SDQ; Goodman, 1999), was completed by 
parents and young people from the ABI group.  This is a psychometrically reliable clinical 
screening measure, found to be effective in detecting the likelihood of clinical diagnosis in 
children (Goodman, Renfrew & Mullick, 2000).  Strong cross-informant correlations have 
been demonstrated in administration with children and parents (Goodman, Meltzer & Bailey, 
1998).  The measure assesses strengths and difficulties for the child in each of seven domains 
(overall stress experienced by the child, hyperactivity, peer-relationship problems, emotional 
distress, conduct problems, pro-social behaviour and the impact of difficulties).  All items are 
rated on a Likert scale (0-not true,1-somewhat true, 2-certainly true) and summed to produce 
risk index of low, medium or high for each of 4 domains. 
The SDQ data obtained for the current ABI population is shown below and would 
indicate that for young people and their parents in the ABI sample, there were few concerns 
about emotional, behavioural or attentional difficulties but many concerns about overall 
difficulties.  
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Statistics 
 
SDQ_anydiagnosis SDQ_emotion 
SDQ_behaviour
al 
SDQ_hyperactivity_c
oncentration 
N Valid 14 14 14 14 
Missing 27 27 27 27 
Mean 2.1429 1.6429 1.6429 1.3571 
Median 2.0000 1.0000 1.0000 1.0000 
Mode 3.00 1.00 1.00 1.00 
Std. Deviation .86444 .92878 .84190 .49725 
Variance .747 .863 .709 .247 
 
SDQ_anydiagnosis 
 
Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid low risk 4 9.8 28.6 28.6 
medium risk 4 9.8 28.6 57.1 
high risk 6 14.6 42.9 100.0 
Total 14 34.1 100.0  
Missing 999.00 2 4.9   
System 25 61.0   
Total 27 65.9   
Total 41 100.0   
 
SDQ_emotion 
 
Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid low risk 9 22.0 64.3 64.3 
medium risk 1 2.4 7.1 71.4 
high risk 4 9.8 28.6 100.0 
Total 14 34.1 100.0  
Missing 999.00 2 4.9   
System 25 61.0   
Total 27 65.9   
Total 41 100.0   
 
  
 
Emotion processing after childhood ABI  | Brain (2012) in prep, 1-18 
 
55 
 
Appendix 2 – Power calculations 
 
Power analysis: 
This section provides a priori power calculations to support the target group sizes for the 
study.  The effect sizes for these calculations were based on differences in emotion 
processing variables, namely emotion recognition accuracy (Tonks et al., 2007a) and 
proportion of fixations in salient regions of the face (Adolphs et al., 2005). 
 
A priori power calculations: T-test Power Calculation 
Based on results taken from Tonks et al. (2007a), assessing expression naming accuracy 
between ABI (mean = 70.6; SD= 12.4) and a control group (mean = 80.7; SD=9.9) a large 
effect size (0.90) was calculated.  This effect size has informed the power calculation for the 
current study. 
t tests - Means: Difference between two independent means (two groups) 
Analysis: A priori: Compute required sample size  
Input: Tail(s) = One 
 Effect size d = 0.9005839 
 α err prob = 0.05 
 Power (1-β err prob) = 0.90 
 Allocation ratio N2/N1 = 1 
Output: Noncentrality parameter δ = 2.9868989 
 Critical t = 1.6819524 
 Df = 42 
 Sample size group 1 = 22 
 Sample size group 2 = 22 
 Total sample size = 44 
 Actual power = 0.9020608 
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ANOVA power calculation 
A power calculation for a repeated measures analysis of variance to compare the mean dwell 
times during the eye tracking tasks within salient regions of the face for each of the 6 facial 
expressions (namely happy, surprised, scared, angry, disgusted and sad emotions), between 
the ABI and control groups.   
The effect size for this calculation was based on findings from Adolphs et al. (2005), 
who assessed the proportion of eye fixations when judging each of the 7 Ekman facial 
expressions for a single participant with ABI (proportion of fixations on the eye region of 
faces = 0.2) and 18 healthy control participants (proportion of fixations on the eye region of 
faces = 0.45, SD=0.18).  Using these results a large effect size of 0.73 was calculated  Given 
the greater ABI sample size a moderate effect size was used in calculating power for the 
current study.  For 90% power with a moderate effect size (0.25) a total sample size of 28 
was needed to compare the proportion of fixations for 6 basic facial emotions (happy, sad, 
angry, scared, disgusted and surprised) between the ABI and control groups. 
 
 
 
 
 
 
F tests - ANOVA: Repeated measures, within-between interaction 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.25 
 α err prob = 0.05 
 Power (1-β err prob) = 0.90 
 Number of groups = 2 
 Number of measurements = 6 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 18.0000000 
 Critical F = 2.2968684 
 Numerator df = 5.0000000 
 Denominator df = 110 
 Total sample size = 24 
 Actual power = 0.9123363 
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z tests - Correlations: Two dependent Pearson r's (common index) 
Analysis: A priori: Compute required sample size  
Input: Tail(s) = One 
 H1 corr ρ_ac = -0.7161345 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 H0 corr ρ_ab = 0.1 
 Corr ρ_bc = -0.1 
Output: Critical z = -1.6448536 
 Sample size = 17 
 Actual power = 0.8129021 
Power Calculation - Correlation Analysis 
To control for the possibility that impaired recognition of facial expressions of emotion may 
be attributable to specific visual-perceptual or cognitive deficits, a multiple regression 
analysis was conducted, similar to that conducted by Adolphs et al. (1996).  Variables of 
specific interest were:  
 measures of visuospatial skills, visual memory, executive function (as assessed using 
subtests from NEPSY-II; Korkman et al., 2007); 
 visual attention (as assessed using the cancellation subtest from the WISC-IV) 
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t tests - Means: Difference between two independent means (two 
groups) 
Analysis: Post hoc: Compute achieved power  
Input: Tail(s) = One 
 Effect size d = 0.5838636 
 α err prob = 0.05 
 Sample size group 1 = 11 
 Sample size group 2 = 5 
Output: Noncentrality parameter δ = 1.0825121 
 Critical t = 1.7613101 
 Df = 14 
 Power (1-β err prob) = 0.2694619 
t tests - Means: Difference between two independent means (two groups) 
Analysis: Post hoc: Compute achieved power  
Input: Tail(s) = Two 
 Effect size d = 0.4429775 
 α err prob = 0.05 
 Sample size group 1 = 10 
 Sample size group 2 = 6 
Output: Noncentrality parameter δ = 0.8578222 
 Critical t = 2.1447867 
 Df = 14 
 Power (1-β err prob) = 0.1259613* 
 Post hoc analysis: power calculations 
1) Injury-age:  Does the mean accuracy score differ with age at injury, e.g. participants with injury 
sustained at early to mid childhood (0-9 years) and late childhood (10-16 years)? 
 
 
 
 
 
*
 
 
 
 
 
 
 
2)  Time-lapse since injury:  Are children who sustained an ABI 0-4 years ago more 
accurate than those who sustained an injury 5-14 years ago? 
 
 
 
 
 
 
 
 
 
 
 
 
 
3) Injury Location:  Does injury location (anterior/posterior) have an impact on 
emotion recognition accuracy? 
 
 
 
 
 
 
 
 
 
 
                                                 
*
 * Post-hoc power does not meets the recommended threshold of 0.80 (Field, 2005) and therefore results will be 
interpreted with caution 
 
t tests - Means: Difference between two independent means (two groups) 
Analysis: Post hoc: Compute achieved power  
Input: Tail(s) = One 
 Effect size d = 0.5108254 
 α err prob = 0.05 
 Sample size group 1 = 9 
 Sample size group 2 = 7 
Output: Noncentrality parameter δ = 1.0136377 
 Critical t = 1.7613101 
 Df = 14 
 Power (1-β err prob) = 0.2482723* 
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F tests - ANOVA: Repeated measures, within-between interaction 
Analysis: Post hoc: Compute achieved power  
Input: Effect size f = 0.25 
 α err prob = 0.05 
 Total sample size = 41 
 Number of groups = 2 
 Number of measurements = 6 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 30.7500000 
 Critical F = 2.2604062 
 Numerator df = 5.0000000 
 Denominator df = 195 
 Power (1-β err prob) = 0.9954607 
4) Injury Laterality:  Does injury laterality (left/right) have an impact on emotion 
recognition accuracy? 
 
 
 
 
 
 
 
 
 
 
 
 
5) Total fixations within AOI: post-hoc analysis of total fixations repeated measures, 2 x 6 
x 3 ANOVA. 
t tests - Means: Difference between two independent means (two groups) 
Analysis: Post hoc: Compute achieved power  
Input: Tail(s) = Two 
 Effect size d = 0.1669699 
 α err prob = 0.05 
 Sample size group 1 = 10 
 Sample size group 2 = 6 
Output: Noncentrality parameter δ = 0.3233358 
 Critical t = 2.1447867 
 Df = 14 
 Power (1-β err prob) = 0.0604964* 
Appendix 3 – Consultation feedback from the community and patient group 
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Appendix 4 - Recruitment documents, consent/assent forms and information 
sheets for ABI and control groups
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Appendix 5 - NHS & University of Exeter approval documents 
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Appendix 6- NimStim test items 
NimStim practise items & fixation cross shown between each item. 
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NimStim test items for angry, scared, happy, sad, surprised and disgusted faces for 5 male and 5 female actors. 
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Appendix 7 - Mind in the Eyes test items for children. 
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Appendix 8 - Accuracy Record Form for NimStims and Mind in the eyes task 
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Appendix 9- Extended results 
This section is divided into three.  The first outlines the mean percentage accuracy data from 
the Tottenham et al. (2009) study. 
The mean percentage accuracy data from the Tottenham et al. (2009) study was used 
as a threshold to conduct analysis of accuracy by group.  Participants who‟s mean percentage 
accuracy score for the NimStim task was equal to or exceeding the accuracy value shown in 
Table A2 were selected for further analysis of the mean total time to give a correct response. 
 
Table A2   NimStim reliability data adapted from 
Tottenham et al. (2009).   
Percentage reliability ratings. 
 
Emotion Mean percentage Correct (SD) 
Angry 90 (15) 
Disgust 84 (21) 
Fear 73 (12) 
Happy 98 (2) 
Sad 60 (21) 
Surprised 81 (13) 
 
Histograms were plotted to assess the distribution of the mean percentage accuracy 
data for the NimStim and Mind in the Eyes tests (see Appendix 10).  Both histograms 
appeared normally distributed.  Tests were conducted to asses for deviations from normality.  
These initially showed some deviation from normality of the NimStim dataset within the ABI 
and control group.  Data was screened for outliers and a single outlier was removed from the 
ABI group, which resulted in a distribution and homogeneity of variance that was very close 
to normal limits for both samples.  It was therefore decided that the extent of non-normality 
was minimal and that parametric analysis was appropriate.  Analysis was run with and 
without the outlier but, given that no difference was found in the significance of the overall 
mean difference, findings from the full dataset (including the outlier) are reported. 
Histograms were also plotted for the fixation duration for each region of interest 
across emotions.  Given, that fixation durations are usually reported to be non-normal (e.g. 
Harris, 1988), the data was not expected to meet normal assumptions for all regions of 
interest.  Rather, the data was scrutinised to assess the extent of deviations from normality.  It 
Emotion processing after childhood ABI   Brain (2012) in prep, 1-18         103  
103 
 
was decided that, given that only small deviations from normal assumptions were observed in 
some AOIs, it would be appropriate to utilise the planned method of analysis using repeated 
measures ANOVA (Field, 2005).    
 
To explore research question 1 in greater detail, a repeated measures 2(group)x6 (emotion) 
ANOVA was conducted, with the aim of identifying differences between groups for each 
emotion.  There was a highly significant main effect of emotion, F(1, 37)=48.98, p<0.001.  
However the main effect of group was not significant, F(1, 37)=0.58, p=0.45 and the 
interaction between group and emotion was also not significant, F(1, 37)=0.05, p=0.84.  This 
would suggest that there were significant differences in accuracy observed across the 6 
emotions but this itself did not differ significantly between the two groups. 
 
Fewer members of the ABI group were consistently accurate in their responses, and those 
that were, appeared slowed relative to the control group in making their responses.  To 
explore the relationship between accuracy and total fixation time within the ABI group 
correlational analysis was conducted.  Overall there was no significant relationship between 
total percentage accuracy and total fixation time (r=-.221, p=0.411).  Correlations conducted 
between accuracy and fixation time for each of the 6 emotions within the ABI group revealed 
no significant relationship between these two variables for surprised, fearful, disgusted, sad 
or happy faces.  However a significant association was observed between percentage 
accuracy and total fixation time for angry faces within the ABI group (r=0.56, p=0.05). That 
is, participants who looked for longer at the faces appeared to be more accurate in their 
recognition of anger.   
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Normal distribution and homogeneity analysis of percentage accuracy data for the NimStim and Mind in the Eyes tasks for the ABI and control 
groups. 
 
Appendix 10 – Normal distribution and homogeneity analysis of accuracy and eye tracking data. 
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1) Normal distribution and homogeneity analysis of total fixation time for the control and ABI groups during the NimStims task. 
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Assessment of normal distribution and homogeneity of variance  
with outlier for ABI group 
Assessment of normal distribution and homogeneity of variance  
without outlier for ABI group 
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Normal distribution an  homogeneity analysis of percentage accuracy data for the NimStim and Mind in the Eyes 
tasks for the ABI and control groups. 
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Histogram  
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Normal distribution and homogeneity analysis of percentage total fixation time for the control and ABI groups during the NimStims 
task. 
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Appendix 11 – SPSS analyses output tables 
Independent samples t-test for the NimStim subtest (including outlier) 
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2 (group) x 3 (AOI) x 6 (emotion) ANOVA – Total fixation time  
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2(group) x 6 (emotion) ANOVA – Percentage total fixatio  time for the eye, nose and mouth regions 
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Test of special effects – group comparisons of mean percentage total fixation duration by AOI and emotion. 
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Test of simple effects – comparions of group mean total fixation times across AOIs by emotion   
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 Emotion Recognition Accuracy Analysis (with 1 outlier from the ABI group removed) 
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Mind in the Eyes –Mean percentage recognition accuracy comparison, including additional control data from Tonks et al., (2007) 
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Accuracy Data – Mean fixation time for response accuracy >NimStim mean proportion correct 
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Comparisons: The effects of gender and lesion laterality on emotion recognition accuracy 
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Correlation analysis. 
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 Neuropsychological assessment summary data  
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Subgroup analysis of differences between children in the ABI group  
Year since lesion (0-4 yrs and 5-14 years) 
Age at lesion (0-9 years and 10+ years) 
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Repeated Measures ANOVA with group as a between subjects factor and emotion as a within subjects factor. 
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Correlation analysis – the relationship between total fixation time and recognition accuracy within the ABI group. 
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Appendix 12 - Extended Discussion 
On average, participants from the ABI group were observed to be less accurate than the 
control group at correctly identifying happy, sad, surprised and disgusted faces.  There 
appeared to be no difference between groups in mean recognition accuracy for angry faces 
and interestingly the ABI group were actually more accurate on average in recognition of 
fearful faces.  This pattern of accuracy results would appear consistent with the differences 
noted in eye tracking analysis in the current study to the Adolphs et al., (2005).  That is, 
Adolphs et al., (2005) found that SM spent little time fixating on the eye region of faces and 
was subsequently specifically impaired in the recognition of fearful faces.  Conversely, the 
ABI group in the current study were found to spend significantly more time fixating on the 
eye regions of faces than the control group and were found to be less accurate in identifying 
happy, sad, surprised and disgusted faces but equally accurate at identifying angry faces and 
more accurate in identifying fearful faces.  This would suggest that focussing attentional 
resources mostly on the eye region is beneficial in accurately identifying fearful and angry 
faces but that a greater division of attention across all regions of the face is more useful in 
identifying happy, sad, surprised and disgusted faces. 
 
Correlation analysis of the relationship between recognition accuracy and total 
fixation time within the ABI group revealed a significant relationship between the 
total fixation time for angry faces and recognition accuracy.  That is, as fixation time 
increased so did accuracy in the recognition of angry faces.  It would be interesting to 
explore this finding further in future research to investigate whether greater fixation 
time within specific regions of interest may be associated with increased accuracy.
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Appendix 14 - Dissemination Statement 
The results of the present study will be disseminated to interested parties through feedback, 
presentation and journal publication. 
 
Dissemination to participants, families and NHS services. 
As stated in the study information sheet, all participants and their parent(s)/guardian(s) will 
receive a letter providing feedback on the findings of the study.  Participants will be provided 
with details of who to contact, should they require further information.  A summary of the 
findings of the study will also be sent to the Consultant Paediatric Neurologist and Consultant 
Paediatric Neuropsychologist, who supported the recruitment of participants for the study. 
The NHS research ethics committee and Research and Development team will be sent 
a summary of the findings of the study and will be informed that the study is now complete. 
 
Presentation 
On 19
th
 June 2012, I presented my research findings to an academic audience, for peer 
review, as part of the Doctorate in Clinical Psychology at the University of Exeter (please see 
slides appended). 
 
Journal Publication 
It is anticipated that the research will be submitted for publication to Brain (9.5 impact 
factor).   
 
 
 
